Abstract A gas chromatographic headspace analysis method was used to experimentally determine gas-to-liquid partition coefficients and infinite dilution activity coefficients for 29 liquid organic solutes dissolved in triethylene glycol at 298.15 K. Solubilities were also determined at 298.15 K for 23 crystalline nonelectrolyte organic compounds in triethylene glycol based on spectroscopic absorbance measurements. The experimental results of the headspace chromatographic and spectroscopic solubility measurements were converted to gas-to-triethylene glycol and water-to-triethylene glycol partition coefficients, and molar solubility ratios using standard thermodynamic relationships. Expressions were derived for solute transfer into triethylene glycol by combining our measured experimental values with published literature data. Mathematical correlations based on the Abraham model describe the observed partition coefficient and solubility data to within 0.16 log 10 units (or less).
Introduction
Growing environmental concern, combined with increased governmental regulations regarding organic waste disposal, has encouraged the chemical manufacturing sector to explore sustainable approaches in process design. Chemical manufacturers are encouraged to replace hazardous organic solvents with safer chemical alternatives. Replacement of toxic, flammable and environmentally harmful solvents is not an easy task. The physical properties and arrangement of functional groups in the organic solvent that give rise to the undesired health and environmental effects are often linked to the desired properties that are needed in the manufacturing process or application. For example, volatile organic solvents facilitate solvent recycling through fractional distillation. The large solvent pressure is a desired property in fractional distillation; however, this also leads to undesired air pollution and increased worker exposure to potentially toxic chemical vapors. Polar organic solvents containing the amide functional group are able to dissolve a wide range of polar organic starting materials needed in organic syntheses. However, the amide functional group can result in reproductive toxicity. Several excellent review articles and recent papers have been written concerning solvent selection and the use of environmentally friendly, green solvents in chemical synthesis and chemical separation processes [1] [2] [3] [4] [5] [6] [7] [8] .
The review articles contain lists of several harmful solvents, as well as recommended replacement solvents.
Our contribution in the area of solvent replacement has been to characterize the solubilizing properties of more than 100 different organic solvents [9] [10] [11] [12] [13] [14] , binary aqueousmethanol [15] and aqueous-ethanol solvent mixtures [16, 17] , and 70 different ionic liquids [18] through experimental measurements and developing mathematical expressions that correlate the molar solubility, and both gas-to-organic solvent and water-to-organic solvent partition coefficients of dissolved solutes. Solubilization is an important consideration in selecting an appropriate solvent for chemical extractions and recrystallization methods. Extractions and recrystallization are common industrial processes used to remove unwanted impurities from the desired chemical product.
We have developed mathematical correlations for both hazardous organic solvents and potential solvent replacements. Our obtained expressions for solubility ratios and partition coefficients are based on the Abraham solvation parameter model which describes solute transfer between two condensed phases [9, [19] [20] [21] [22] : log 10 ðP or C S;organic =C S;water
or solute transfer to an organic solvent from the gas phase: log 10 ðK or C S;organic =C S;gas
The dependent variables on the left-hand side of Eqs. 1 and 2 are the logarithm of the water-to-organic solvent partition coefficient, log 10 P, logarithm of the gas-to-organic solvent partition coefficient, log 10 K, or logarithms of molar solubility ratios, log 10 (C S,organic /C S,water ) and log 10 (C S,organic /C S,gas ). The three concentrations denote the molar solubility of the solute in the respective organic solvent, C S,organic , and in water, C S,water , and a gas phase concentration of the solute, C S,gas , respectively. The independent variables in Eqs. 1 and 2 pertain to both solute properties (E, S, A, B, V and L) and the complimentary solvent/process properties (c p , e p , s p , a p , b p , v p , c k , e k , s k , a k , b k and l k ). Solute and solvent/process properties are defined in the Glossary of Symbols. Characterization of the solubilizing properties of organic solvents through development of Abraham model correlations aids in the solvent selection process. Once the coefficients have been determined for a given solvent or partitioning system one can calculate partition coefficients and solubility ratios for more than 8000 different solutes simply by substituting the known equation coefficients and solute descriptor values into Eqs. 1 and 2 [23] . Principal Component Analysis on the solvent or equation coefficients allows one to identify solvents having similar solubilizing-related properties. One of our earlier publications [10] found that the solubilizing-related properties of diethylene glycol lie between those of ethylene glycol and 2-methoxyethanol. Of the three organic solvents just mentioned ethylene glycol possessed the strongest H-bond acidic character, followed by diethylene glycol, and finally 2-methoxyethanol. Hydrogen-bond basicity followed the same order. Our analysis further showed that the solubilizing-related properties of diethylene glycol were a long way from the properties of most of the common organic solvents, hence diethylene glycol represents a useful possible solvent with somewhat different solubilizing-related properties to the majority of common organic solvents used in commercial manufacturing processes.
In the present communication we extend our earlier considerations to include triethylene glycol, which is used as liquid desiccant for natural gas, and as a solvent for aromatic hydrocarbon and paraffinic hydrocarbons separations during petroleum refining, and as a solvent in textile dyeing. Infinite dilution activity coefficients (c ? ) and gas-to-liquid partition coefficients were measured for eight different liquid aliphatic and cyclic hydrocarbons (alkanes, cycloalkanes, alkynes), nine different liquid aromatic compounds (benzene, alkylbenzenes, halobenzenes), 5 different liquid haloalkanes (dichloromethane, trichloromethane, 1-chlorobutane, 1,2-dichloropropane, isopropylbromide), acetone, tetrahydrofuran, 1,4-dioxane, butyl acetate, methanol, nitromethane and acetonitrile dissolved in triethylene glycol at 298.15 K using a headspace gas chromatographic method. Experimental molar solubilities were determined for anthracene, biphenyl, fluorene, 4-chlorobenzoic acid, 3,4-dichlorobenzoic acid, 4-methoxybenzoic acid, 3,4-dimethoxybenzoic acid, 2-methylbenzoic acid, 3-methylbenzoic acid, 2-methyl-3-nitrobenzoic acid, 2-chloro-5-nitrobenzoic acid, 3-nitrobenzoic acid, 4-nitrobenzoic acid, 3,5-dinitrobenzoic acid, 3,5-dinitro-2-methylbenzoic acid, benzil, benzoin, 1,4-dibromobenzene, 1,4-dichloro-2-nitrobenzene, diphenyl sulfone, 9-fluorenone, 1-chloroanthraquinone, and xanthene dissolved in triethylene glycol at 298.15 K using a static equilibration-spectrophotometric method of analysis. Abraham model correlations for both water-to-triethylene glycol partition coefficients (as log 10 P) and gas-to-triethylene glycol partition coefficients (as log 10 K) were derived by combining our measured experimental data with published gas solubility and activity coefficient data for carbon dioxide [24] , hydrogen sulfide [25] , methane [26] , ethane [26] , propane [26] , pentane [27] , decane [28] , dodecane [28] , 2,2,4-trimethylpentane [29] , cyclopentane [27] , cyclohexane [29] , cyclooctane [27] , methylcyclohexane [29] , ethylcyclohexane [29] , 1-pentene [27] , 1-hexene [27] , 1-heptene [29] , 1-octene [29] , cis-2-hexene [28] , 2,4,4-trimethyl-1-pentene [28] , cyclohexene [29] , 1-pentyne [27] , 1-hexyne [27] , propylbenzene [29] , isopropylbenzene [29] , 2-chloro-2-methylpropane [30] , ethanol [27] , 1-propanol [27] , 2-propanol [27] , and benzoic acid [31] . In total we have assembled experimental log 10 (C S,organic /C S,water ) and log 10 (C S,organic / C S,gas ) data for 82 different solutes to use in developing our Abraham model correlations.
Experimental Methodology

Measurements of Limiting Activity Coefficients of Liquid Organic Solutes
Triethylene glycol (Acros Organics, 99%), n-hexane (Sigma-Aldrich, 99%), n-heptane (Acros Organics, 99%), n-octane (Sigma-Aldrich, 99%), n-nonane (Acros Organics, 99%), n-undecane (Acros Organics, 99%), 1,7-octadiene (Acros Organics, 99%), 1-heptyne (Acros Organics, 99%), 1-octyne (Alfa Aesar, 98%), benzene (Komponent-Reaktiv, 99.8%), toluene (Sigma-Aldrich, 99.8%), ethylbenzene (Fluka, 99%), o-xylene (SigmaAldrich, 99%), m-xylene (Sigma-Aldrich, 99%), p-xylene (Sigma-Aldrich, 99%), fluorobenzene (Acros Organics, 99%), chlorobenzene (Acros Organics, 99.6%), bromobenzene (Acros Organics, 99%), acetonitrile (J.T. Baker, 99.9%), butyl acetate (Ecos-1, 99.5%), dichloromethane (Kupavnareaktiv, 99.9%), trichloromethane (Komponent-Reaktiv, 99.85%), 1-chlorobutane (Acros Organics, 99.5%), 1,2-dichloropropane (Fluka, 98.5%), 2-bromopropane (Aldrich, 99%), tetrahydrofuran (Ecos-1, 99.5%), acetone (Ecos-1, 99.8%), methanol (Vekton, 99.5%), 1,4-dioxane (Komponent-Reaktiv, 99.5%), and nitromethane (Acros Organics, 99%) were purchased from commercial sources. They were used without further purification with the exception of tetrahydrofuran, which was distilled over sodium. Purity of the substances was confirmed by their gas chromatograms showing no peaks with the area more than 0.5% of the main compound peak area and Karl Fisher titration (less than 100 ppm) proving the absence of significant amounts of water.
The measurements were conducted using the gas chromatographic headspace analysis technique (Perkin Elmer Clarus 580 chromatograph with Turbomatrix HS-16 headspace autosampler). The samples of dilute solutions of the studied solutes in triethylene glycol as well as the pure solute samples were sealed in 22 mL vials, thoroughly shaken and thermostatted at 298.15 K. Samples of a small constant volume from the headspace of the vials were transferred by an autosampler into a gas chromatograph with an HP-5 capillary column. The area of the chromatographic peak of a solute is proportional to its equilibrium vapor pressure p over a solution. In experiments with pure compounds, the peak area is proportional to the saturated vapor pressure of a pure solute p solute o . The activity coefficient at infinite dilution c ? is given by c 1 ¼ p=ðp o solute Á xÞ, where x is the equilibrium molar fraction of a solute in the liquid phase. We correct the initial value of the molar fraction of a solute put into a vial by taking into account partial evaporation of the solute in order to obtain the value of x [14] .
The working concentrations of solutes in triethylene glycol were 0.1-0.8 vol%. For each solute, and the results over 6 repetitions with different concentrations were averaged. No significant concentration dependence was observed, which proves that infinite dilution range is reached.
Logarithms of gas-to-liquid partition coefficients log 10 K are given by a formula log 10 K ¼ log 10
, and the Gibbs energy of solvation is calculated using the . Results are given in Table 1 . Our values of limiting activity coefficients for several saturated and aromatic hydrocarbons are in good agreement with the results of Arancibia and Catoggio [29] . For other solutes, the values of c ? in triethylene glycol at 298.15 K are reported for the first time.
Measurements of Solubilities of Crystalline Nonelectrolyte Solutes
Anthracene (Aldrich, 99?%), benzil (Aldrich, 97%), benzoin (Aldrich, 98%), biphenyl (Aldrich, 99%), 1-chloroanthraquinone (Aldrich, 98%), 4-chlorobenzoic acid (Acros Organics, 99%), 2-chloro-5-nitrobenzoic acid (Acros Organics, 99?%), 1,4-dibromobenzene (Aldrich, 98%), 1,4-dichloro-2-nitrobenzene (TCI America, 99?%), 3,4-dichlorobenzoic acid (Aldrich, 99%), 3,4-dimethoxybenzoic acid (Acros Organics, 99?%), 3,5-dinitrobenzoic acid (Aldrich, 99?%), 3,5-dinitro-2-methylbenzoic acid (Aldrich, 99?%), diphenyl sulfone (Aldrich, 97%), fluorene (Aldrich, 98%), 9-fluorenone (Aldrich, 98%), 4-methoxybenzoic acid (Aldrich, 99%), 2-methylbenzoic acid (Aldrich, 99%), 3-methylbenzoic acid (Aldrich, 99%), 2-methyl-3-nitrobenzoic acid (Aldrich, 99%), 3-nitrobenzoic acid (Aldrich, 99%), 4-nitrobenzoic acid (Acros Organics, 99?%), and xanthene (Aldrich, 98%) were all purchased from commercial sources. Benzil, benzoin, xanthene, 1-chloroanthraquinone, 1,4-dibromobenzene, 1,4-dichloro-2-nitrobenzene, fluorene, and 9-fluorenone were recrystallized several times from anhydrous methanol prior to use. Anthracene was recrystallized several times from propanone. The recrystallized samples were dried for several days at 333 K prior to use. The remaining 14 solutes were used as received. Triethylene glycol (Sigma-Aldrich, 99%) was stored for 1 week over activated molecular sieves and distilled shortly before use. Gas chromatographic analysis showed that the purity of triethylene glycol was 99.8 mass %. Solubilities were determined using a static equilibration method followed by a spectrophotometric determination of the concentration of dissolved solute in the saturated solutions based on the measured absorbance as described in our earlier publications [10, . Our earlier papers describe the experimental methodology in great detail and to conserve journal space the description will not be repeated here. Samples were allowed to equilibrate in a constant temperature bath at 298.15 K with periodic shaking for at least 3 days. Replicate measurements were performed 2 days after the original measurements to ensure that equilibrium had been reached. The concentration ranges and analysis wavelengths employed for each crystalline nonelectrolyte solute have also been reported in the afore-mentioned publications. To check for the possible formation of solid solvates we did remove and dry portions of the equilibrated solid phases after the solubility measurements were completed. Measured melting point temperatures of the recovered solid phase was within ± 0.5 K of the melting point temperature of the commercial sample or recrystallized solute prior to contact with triethylene glycol. This melting point study indicated the absence of solid solvate formation.
Molar concentrations were converted into mole fraction solubilities using the mass of the sample aliquots taken for analysis, molar masses of triethylene glycol and the respective solutes, volume of the volumetric flasks, and any dilutions that were needed in order for the measured absorbances to fall on the Beer-Lambert law curve constructed from the absorbances of standard solutions.
Mole fraction solubilities of the 23 crystalline nonelectrolyte solutes dissolved in triethylene glycol that were measured as part of the present study are listed in Table 2 . The numerical values represent the average of between four and eight independent experimental measurements. The reproducibility of the measured values was ± 1.5% (relative error, smaller mole fraction solubilities) to ± 2.5% (relative error, larger mole fraction solubilities). The slightly larger relative error for the solutes having the larger mole fraction solubilities results from the additional dilution needed to get the measured absorbances within the concentration range of the Beer-Lambert law curve. To our knowledge, this is the first time that the solubilities of these solutes have been measured in triethylene glycol. The only solubility data that we found for solid solutes dissolved in triethylene glycol was the value for benzoic acid that was given in the Open Notebook Science Challenge [31] .
Results and Discussion
The Abraham solvation parameter model, as noted above, can mathematically correlate solute transfer between two immiscible (or partly miscible) phases. Solute transfer properties can be described as water-to-organic solvent and gas-to-organic solvent partition coefficients, or as molar solubility ratios. Development of Abraham model correlations requires that one have a sufficient number of experimental partition coefficient values, log 10 P and log 10 K data, and molar solubility ratios, log 10 (C S,organic /C S,water ) and log 10 (C S,organic /C S,gas ) data, to perform meaningful regression analyses. The set(s) of partition coefficients and solubility ratios should include as diverse a set of organic and inorganic solutes as possible so that the predictive area of chemical space defined by the range of solute descriptors is very large. This will increase the predictive applicability of the derived Abraham model correlations. For triethylene glycol we have performed headspace chromatographic measurements for the 29 different liquid organic solutes listed in Table 1 . We have also measured the solubility of 23 different crystalline nonelectrolyte compounds dissolved in triethylene glycol. The list of crystalline compounds (see Table 2 ) includes several polycyclic aromatic hydrocarbons and carboxylic acids (hydrogen-bond donors and hydrogen-bond acceptors), as well as several organic compounds that can act only as hydrogen-bond acceptors (e.g., benzil, 1-chloroanthraquinone, 9-fluorenone).
Our measured experimental values were augmented by experimental solubility data for several inorganic gases (carbon dioxide, hydrogen sulfide) and organic gases (methane, ethane, propane), and by experimental infinite dilution activity coefficient data for additional organic liquid solutes, that we found through our search of the published chemical and engineering data. The published Henry's law solubility data (K Henry ) and published infinite dilution activity coefficient data (c ? ) can be converted into log 10 P and log 10 K values through Eqs. 3-5 below: where R is the universal gas constant, T is the solution temperature (which for this communication is 298.15 K), p solute o is the vapor pressure of the solute at 298.15 K, V solvent is the molar volume of triethylene glycol, and log 10 K w is the logarithm of the solute's gas-towater partition coefficient at 298.15 K. Tabulations of log 10 K w values are available in several of our earlier publications [54] [55] [56] [57] .
Partition coefficients and molar solubility ratios for solutes dissolved in a given solvent can be combined together into a single Abraham model correlation (see Eqs. 1 and 2). The experimental mole fraction solubility data tabulated in Table 2 are converted into molar solubilities by dividing X S,organic (exp,) by the ideal molar volume of the saturated solution:
Numerical values of the molar volumes of the hypothetical subcooled liquid solutes were obtained by summing group values for the functional groups contained in the solute molecules. The molar solubility ratios of (C S,organic /C S,water ) and (C S,organic /C S,gas ) are obtained by dividing the solute's molar solubility in triethylene glycol by the solute's molar solubility in water, C S,water , and by the solute's gas phase molar concentration, C S,gas . Numerical values of C S,water and C S,gas are available in our earlier publications [10, for all of the crystalline solutes considered in the current study. For most of the crystalline solutes the gas phase concentrations, C S,gas , were calculated at the time the solute descriptors were calculated. We give in Table 3 the log 10 (P or C S,organic /C S,water ) and log 10 (K or C S,organic /C S,gas ) datasets that will be used to derive the Abraham model correlations for triethylene glycol. For the liquid and gaseous solutes the tabulated values correspond to partition coefficients for the respective solute dissolved in triethylene glycol. For the crystalline organic compounds the tabulated values represent the molar solubility ratios. Also included in the tabulation are the numerical values of the solute descriptors. There are more than enough experimental log 10 (P or C S,organic /C S,water ) and log 10 (K or C S,organic /C S,gas ) values for us to derive meaningful Abraham model correlations for solute transfer into triethylene glycol. Most of our published Abraham model correlations are based on between 35 to more than 100 experimental values. The solutes studied are chemically diverse and cover a wide range of polarity and hydrogen-bonding character as reflected in their solute descriptor values. Regression analysis of the experimental values in Table 3 , and the Fisher F-statistic (F). The standard errors in the equation coefficients are given in parentheses immediately following the respective coefficient to which the standard error pertains. All regression analyses were performed using the IBM SPSS Statistical 22 commercial software.
Examination of the coefficients and their respective errors indicates the standard error for the s-coefficient in Eq. 8 is larger than the coefficient itself. We did reanalyze the log 10 (P or C S,organic /C S,water ) after eliminating the s p Á S term to see if a better correlation could be obtained. Reanalysis of the experimental log 10 (P or C S,organic /C S,water ) gave: 
Very little loss in descriptive ability was observed by elimination of the s p Á S term. The standard deviations of Eqs. 8 and 10 were essentially identical, SD = 0.159 log 10 units versus SD = 0.160 log 10 units. The F-statistic did increase slightly from F = 1006 to F = 1267, and the standard errors in the equation coefficients decreased slightly. From a predictive point-of-view both equations should provide comparable predictions of log 10 (P or C S,organic /C S,water ) for additional solutes. All three Abraham model correlations are statistically very good as evidenced by the relatively small standard deviations (SD = 0.159 log 10 units for Eq. 8, SD = 0.119 log 10 units for Eq. 9, and SD = 0.160 log 10 units for Eq. 10) and near unity values for the squared correlation coefficients (R 2 = 0.985, R 2 = 0.999, and R 2 = 0.985). Figure 1 compares the observed log 10 (K or C S,organic /C S,gas ) values with the back-calculated values based on Eq. 9. The experimental dataset covers an approximate range of 13.5 log 10 units, from log 10 K = -0.987 for methane to log 10 (C S,organic /C S,gas ) = 12.505 for 3,5-dinitro-2-methylbenzoic acid. A comparison of the back-calculated versus measured log 10 (P or C S,organic /C S,water ) data is displayed in Fig. 2 for Eq. 10. The standard deviation for log 10 (P or C S,organic /C S,water ) correlation are somewhat larger than that of the log 10 (K or C S,organic /C S,gas ) correlations because the log 10 (P or C S,organic /C S,water ) values contain the additional experimental uncertainty in the gas-to-water partition coefficients that were used in the log 10 (K or C S,organic /C S,gas ) to log 10 (P or C S,organic /C S,water ) conversions. Most of the data points in the datasets were based on experimental infinite dilution activity coefficients.
The predictive ability of Eqs. 8-10 were assessed by performing training set and test set analyses. The individual training and test sets were built by allowing the SPSS software to randomly select the experimental data points for one half of the compounds in the large datasets. The selected points were placed in the training sets and the remaining compounds were placed in the test sets. Analysis of the experimental log 10 (P or C S,organic /C S,water ) and log 10 (K or C S,organic /C S,gas ) data in the training sets yielded the following expressions: 
As before, the log 10 (P or C S,organic /C S,water ) correlations were determined with and without the s p Á S term. There is very little difference in the equation coefficients for the full dataset and the training dataset correlations, thus showing that both training sets of compounds are representative samples of the total log 10 (P or C S,organic /C S,water ) and log 10 (K or C S,organic / C S,gas ) data sets. The derived training set equations were then used to predict the respective partition coefficients for the compounds in the test sets. For the predicted versus experimental values, we found SD = 0.160 (Eq. 11), SD = 0.159 (Eq. 12) and SD = 0.119 log 10 units (Eq. 13), AAE (average absolute error) = 0.119 (Eq. 11), AAE = 0.118 (Eq. 12) and AAE = 0.085 log 10 units (Eq. 13), and AE (average error) = 0.013 (Eq. 11), AE = 0.015 (Eq. 12) and AE = 0.018 log 10 units (Eq. 13). There is therefore very little bias in using Eq. 11-13 with AE equal to 0.013, 0.015 and 0.018 log 10 units. The training and test set analyses were conducted two more times with very similar results. Previously [10] we have shown that the solvent properties of diethylene glycol were substantially different from those of most organic solvents, even those of alcohols, so that diethylene glycol represents a rather novel solvent. It is therefore of some interest to assess the solvent properties of triethylene glycol by comparison to diethylene glycol and general organic solvents. The easiest method is that of Principal Component Analysis, PCA. We list the five coefficients, e k , s k , a k , b k and l k in Eq. 2, for a general selection of solvents in Table 4 . Then application of PCA yields five PCs that are all orthogonal. The scores of the first two PCs contain most of the information in the five equation coefficients, and a plot of PC2 against PC1 shows how near to each other are the PC points for the various solvents. Since the points are derived from the PC scores, which in turn are derived from equation coefficients, the distance between points then provides a visual assessment of how near the equations are in a chemical sense. The PC plot is depicted in Fig. 3 . It is immediately clear that triethylene glycol (No. 1) and diethylene glycol (No. 2) are very closely related and seem to form almost a separate solvent group as regards solubility related properties. This should not be unexpected as the Abraham model equation coefficients for triethylene glycol and diethylene glycol are very similar as evidenced by the first two lines of numerical entries in Table 4 . 
Conclusion
Expressions based on the Abraham solvation parameter model have been shown to give reasonably accurate mathematical descriptions of the solute transfer properties of a chemically diverse set of organic and inorganic solutes into triethylene glycol from both water and from the gas phase. The derived Abraham model correlations described the logarithms of the observed water-to-triethylene glycol partition coefficients, logarithms of the gas-to-triethylene glycol partition coefficients and logarithms of the molar solubility ratios to within 0.16 log 10 units. Training and test set analyses indicated that the derived mathematical expressions should provide very good estimations of log 10 P, log 10 K, log 10 (C S,organic /C S,water ), and log 10 (C S,organic /C S,gas ) for additional solutes dissolved in triethylene glycol, provided that the numerical values of the solute descriptors fall within the range of values used in determining the predictive expressions. Principal Component Analysis further showed that triethylene glycol (No. 1) and diethylene glycol (No. 2) are very closely related and seem to form almost a separate solvent group as regards their solubilization related properties. Despite very close solvation properties, in industrial applications such as natural gas desiccation and hydrocarbon separation, triethylene glycol and higher oligomers of ethylene glycol have an advantage over diethylene glycol due to their significantly lower volatility, leading to less vapor losses and easier regeneration.
Glossary of Symbols and Definitions
Lowercase alphabetical characters Table 4 . Points numbered as in Table 4 . Some points have been left out to make the figure clearer )/10 D solv G The Gibbs energy of solvation of the solute K The solute's gas-to-organic solvent partition coefficient K w The solute's gas-to-water partition coefficient at 298.15 K L The logarithm of the gas-to-hexadecane partition coefficient at 298 K P The solute's water-to-organic solvent partition coefficient R The universal gas constant S Abraham model solute descript that quantifies the dipolarity/-polarizability of the solute T The system temperature in Kelvin V Refers to the McGowan volume in units of (cm 3 Ámol The infinite dilution activity coefficient of the solute
